Abstract Influenza A virus subtype H3 is a threat to public health and it is important to understand the evolution of the viruses for the surveillance and the selection of vaccine strains. Comparative analysis of four Bangladeshi isolates with isolates circulating other parts of the world based on three candidate genes hemagglutinin (HA), neuraminidase (NA), matrix protein (MA) showed no evidence of significant distinct subclade of viruses circulating in the country over the period of study. Despite these findings, we found N161S substitution in all four H3N2 influenza stains resulting in the gain of NSS160-162 glycosylation site. All H3N2 Influenza subtypes in the study had amino acid substitution at position 31 on the M2 protein (Aspartic acid to Asparagine) which is known to be responsible for amantadine drug resistance.
Introduction
Influenza viruses are enveloped viruses belong to the family Orthomyxoviridae consist of negative-sense RNA genome [14] , which can cause highly contagious respiratory illness. According to World Health Organization (WHO), influenza epidemics are responsible for three to five million cases of severe illness and 250,000-500,000 deaths annually worldwide (http://www.who.int/iris/han dle/10665/68985). In temperate regions, influenza epidemics occur seasonally and peak in the winter and are almost absent in the summer. The influenza pandemic were reported three times during the 20th century 1918, 1957 and 1968 (http://www.who.int/mediacentre/factsheets/ fs211/en/). The 1918 pandemic had the highest mortality, causing approximately 40 million deaths worldwide, with an unprecedented number of deaths of young adults [16] . The virus is classified into subtypes H1 to H18 and N1 to N11 by previously reported of eight hemagglutinin (HA) and eleven neuraminidase (NA) types [22] . An important ability of influenza A viruses is re-assortment which means that two or more viruses infecting the same cell can recombine their genetic segments to form a new virus strain [2] . By re-assortment, influenza A viruses achieve genetic shift, rapid changes of viral properties that can give rise to a new strain unrecognized by host immune defense and thus capable of pandemic spread. By point mutations in immunogenic parts of the genome, influenza A viruses also makes much more gradual changes termed genetic drift, these changes allow the viruses to escape some host immunity and to cause seasonal influenza outbreaks. According to the WHO report (27 July 2015) in tropical Asia including those in Southern Asia the influenza subtype A (H3N2) predominate with co-circulation of influenza type A (H3N2) and B. However, there is no systematic study in Bangladesh on molecular characterization of this Influenza virus A. Since these viruses are highly variable and changing rapidly this pilot study was undertaken to characterize four H3N2 isolates and this will form the basis of understanding of precaution against new H3N2 strains.
Materials and methods

Sample collection and viral culture
A total of four Influenza A positive nasopharyngeal swab samples were collected from Dhaka Medical College and Hospital between July and August, 2012. After obtaining signed informed consent from the hospital authority, we collected throat and nasal swab samples from patients those are previously confirmed as influenza positive influenza like illness (ILI), defined as subjective fever and (cough or sore throat) by senior physician. We also collected samples from the patients admitted in the medicine and pediatrics inpatient departments who met the case definition of severe acute respiratory illness (SARI), defined as fever ([ 38°C) and (cough or sore throat) and (shortness of breath or difficulty breathing). At a time of sample collection Influenza positive patients were managed with supportive care and no antiviral drug such as tamiflu was given.
The clinical samples were cultured by tissue culture technique using the MDCK.2 (ATCC; CRL-2936) cellline. Virus culturing was performed using trypsin treated MDCK according to CLSI Viral Culture; Approved Guideline [4] . Influenza A/H3N2 positive samples were stored for further analysis.
RNA extraction and sequencing
Viral RNAs were extracted from the culture supernatants using a QIAmp Viral RNA Mini Kit (QIAGEN, Hilden, Germany). Three RNA gene segments (HA, NA, M) were reverse transcribed using Biometra T1000 PCR cycler (Biometra, Germany) following the recommended protocol [10] . Following the reverse transcription three partially gene segments were amplified using specific primers (http://www.mbio.ncsu.edu/bioedit/page2.html). Phylogenetic and molecular evolutionary analyses were conducted using the MEGA version 5.0 software package [20] . Genetic distances were calculated using the Kimura 2-Parameter method [10] . The dendrograms was constructed using the neighbor-joining method [18] . The antigenic site comparison was carried out by BioEdit sequence alignment editor. All the three sequences were submitted to program (http://www.ncbi.nlm.nih.gov/ BLAST/) to identify the similar sequences. Potential Nglycosylation sites were predicted using Net NGlyc 1.0 server [21] . The 3D structures of HA and NA proteins for Bangladeshi strains were modeled; HA and NA variation sites were labeled in the 3D structures by Cn3D software [25] .
Results
PCR and comparative analysis of HA, NA and M genes
A total of four influenza viruses A/H3N2 samples were collected in 2012 from Dhaka Medical College in Bangladesh. To study the genetic characteristics of the human H3N2 viruses circulating in the country and to investigate genetic diversity, partial sequences of three segments of A/H3N2 influenza genome was performed. Initially RNA was extracted from tissue cultured samples using QIAmp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer's instruction. Following the conversion of RNA to cDNA by reverse transcriptase, amplification was done using specific primers for each segment. The PCR result was observed by gel electrophoresis which showed band at position 1778, 1413, and 474 bp representing HA, NA and M genes, respectively.
For comparative analysis of the sequences of HA, NA and M segments of Influenza A/H3N2 viruses we used 37 global isolates from GenBank and GSAID as reference strain from each year pandemics and isolates from 1968 to 2012. Bangladeshi A/H3N2 isolated under study showed at least[ 97% similarity with strains all over the world: Asia, Europe, Australia, Africa and North and South America. Isolates from other groups showed various clades of 60s, 70s, 80s, 90s and 21st century. The analysis showed that the HA sequences were at the same branch with the vaccine strains and there was no evidence of a significant distinct subclade of viruses circulating in Bangladesh.
Neuraminidase (NA) segment analysis
The comparison revealed that the NA segment of our strains was very closely related to a Japanese strain Bangladeshi strains, resulting in a gain of the NSS160-162 glycosylation site on the other hand N61S resulting in an deletion of the NSS60-62 glycosylation sites. Some amino acids are specific determinants of antigenic recognition of HA protein by specific antibodies. They constitute five distinct regions called epitopes A-E [23, 27] with some separated regions, i.e., B1, B2, E1, and E2. To evaluate the impact of genetic changes in influenza A (H3N2) viruses detected in Bangladesh on immune recognition, an alignment of the epitope regions of four amino acid sequences was performed together with the A/Victoria/361/2011 virus (Fig. 1) . The comparison revealed that all Bangladeshi strains had a serine instead of asparagine residue at position 161 (N161S), which modified a glycosylation site by polar amino acid to tiny polar amino acid in antigenic site A, similar to the previous studies where K161N substitution transpired [3, 8, 15] . K161N substitution is characteristic of viruses similar to A/California/7/2004. This change was an exchange of a positive to a polar amino acid and there is some evidence that this might be responsible for an antigenic drift [3, 6, 8, 15] . In comparison of nucleotide and deducted amino acid sequences of NA from these viruses, a high degree the other studies [3, 5, 6, 8, 15] conserved residues for catalytic sites (R118, D151, R152, R224, E276, R292, R371 and Y406) and also framework sites supporting the catalytic residues (E119, R156, W178, D198, I222, E227, H274, E277, N294 and E425) were detected. The variable regions in the NA head domain are amino acids 140-155, 328-370 and to a lesser extent 381-403 [2, 7] and Bangladesh isolates also showed some changes corresponding to the vaccine strains are illustrated in the Table 1 . The NA sequence of the Bangladeshi fell into the corresponding clade and were similar to those of equivalent viruses circulating in this years and there was no evidence for the emergence of a significant distinct subclade. Moreover, we used C3n software for create a 3D model of hemagglutinin, neuraminidase and matrix protein and shown the changes in 3D model and mutation sites compare with vaccine stain and finally edited manually (Fig. 2a-c) .
Alterations at positions prone to induce drug resistance were observed. Oseltamivir resistant strains have been shown to contain neuraminidase (NA) substitutions at residues E119V, R292K and N294S in influenza A/H3N2 viruses [9, 11, 26] . Oseltamivir resistance associated mutation at position 119, 292 and 294 of NA was absent in all H3N2 isolates of 2012. Nevertheless, the S31N substitution in the M2 protein indicates resistance to amantadine [17] the influenza matrix ion channel inhibitory drug is present in all Bangladeshi isolates (Fig. 2d ). The existence of N-glycosylation is essential for viral membrane glycoproteins and nine potential N-linked glycosylation sites were found in Bangladeshi Influenza H3N2 strains from this study similar to Vaccine Strains A/Victoria/ 361/2011 at positions NST024-026, NGT038-040, NCT079-081, NWT142-144, NGT149-151, NVT181-183, NST262-264, NGS301-303 and NGT499-501, respectively. The N-glycans encode required information for folding, maturation, transport or degradation of proteins [19] . Glycosylation seems to be one mechanisms by which a virus masks its epitopes and escapes neutralization by the host antibodies [12, 13] . In addition, some studies have associated increasing glycosylations with reduced virulence [13, 24] , while others associated the loss of glycosylations with exposure of new receptor binding sites or new decoy epitopes [1] .
Discussion
The M2 is the target of the anti-influenza drugs amantadine and Oseltamivir. Resistance-associated mutation to adamantanes S31N has been detected in all four Bangladeshi H3N2 viruses indicating resistance to amantadine. Moreover, Oseltamivir resistance associated mutation at position 119, 292 and 294 of NA was absent in all H3N2 isolates of 2012.
One of the major limitations of this study is relatively small sample size obtained from a single geographical origin over a short period of time and the sequencing of only three segments out of eight genes. The data demonstrated that amino acid changes were limited to some key codons at or near antibody-binding sites A-E and variable region along with catalytic and framework site on HA and NA molecule. The changes at the antibody-binding sites or receptor-binding sites are crucial for antigenic drift, and it is important to monitor new H3N2 isolates for mutations in these sites. Nevertheless, our findings contribute to a better understanding of the genetic and antigenic evolution of influenza A/H3N2 viruses. Though we have found the recommended vaccine strain for northern hemisphere is highly similar to Bangladeshi isolates, we suggest that a combination of phylogenetic analysis, evaluation of specific mutations in so-called antigenic sites and immunological assays are all important to consider for the optimization of vaccine strain selection. In many countries the vaccine virus is usually recommended several months prior to the corresponding seasonal changes for vaccine manufacturer to have enough time for effective vaccine development. However, in Bangladesh, although facilities exist for routine serological and detailed genomic characterization of H3N2, such studies are not in practice and mostly due to the lack of funding. Phylogenetic analysis shows that viruses are mostly clustered based on their time of isolation rather on geographical locations. Moreover, due to the availability of high-throughput sequencing facilities, whole genome characterization should involve substantially larger number of samples for better understanding of the evolutionary dynamics and route of transmission in different geographical locations as well as effective intervention and vaccine treatment.
